Abstract
75
Based on these observations, we hypothesised that FT participated in leaf development and 
87

Results
88
Gating GmFTL expression increases yield
89
To test whether GmFTL controls soybean yield, we employed four selected transgenic lines of
90
GmFTL-RNAi, which had lower expression of Glycine max FT-likes (GmFTLs) and later 91 flowering 18 . Unsurprisingly, the soybean transgenic lines obviously showed high yield in both 92 a growth chamber and greenhouse, and GmFTL-RNAi line 4 doubled yield per plant in the 93 greenhouse (Fig. 1a, b) . To obtain practical data in the field, we grew these soybean plants in 94 two regions (Hanchuan and Beijing: N30°22', E113°22' and N39°58', E116°20', respectively).
95
As a result of later flowering, only two lines (#1 and #3) matured normally in the growth 96 season. These two lines significantly displayed higher yield, ranging from 14% to 62%,
97
depending on the transgenic lines, locations and sowing time (Fig. 1c) . TaqMan PCR data 98 indicated that high yield related to lower expression of GmFTL3, a major florigen in 99 soybean 19, 20 and that the level of GmFTL3 transcripts was inversely proportional to yield ( 
119
Photosynthesis efficiency significantly affects plant yield 22 ; thus, we wondered whether there 120 was a change in the photosynthesis of the transgenic lines compared to the wild type plants.
121
Transmission electron microscope revealed that the transgenic lines had a much more 122 complicated structure in the chloroplast, with more and wider thylakoid membranes and rich 123 grana in both the vegetative stage (the third trifoliolate opening) and flowering stage (the 124 seventh trifoliolate opening) (Fig. 2a, Extended Data Fig. 3a) . The detailed phenotypes are 125 following (Fig. 2b, c, Extended Data Fig. 3b, c 
159
Then we performed electrophoretic mobility shift assays (EMSA), and the results
160
demonstrated that GmFDL5 (Glycine max FD-like5) proteins physically interact with G-Box I
161
( Fig. 3a) . Transcriptional activity analysis of transient expression in tobacco leaves indicated
162
that GmFDL5 inhibited GmGRF5-1 promoter activity, and GmFTL3, the most likely candidate 163 of florigen in soybean 19, 20 , enhanced the effect of GmFDL5 (Fig. 3b) . Another FDL homolog,
164
GmFDL1, also displayed inhibitory activity on the GmGRF5-1 promoter (Fig. 3c ). GmFTL3
165
proteins interacted with both GmFDL5 and GmFDL1 (Fig. 3d, Extended Data Fig. 6 
170
( Fig. 3e) . Further, the TaqMan PCR test exhibited that reducing GmFTL expression increased
171
GmGRF5-1 expression but had little effect on GmFDL expression (Fig. 3f) . Therefore, we (Fig. 4f ), but all of the leaf size, chlorophyll content, photosynthesis rate and 215 complexity of chloroplast increased (Fig. 4g , h, i), that contributed to plant yield (Fig. 5a ).
216
Combining these results, we hypothesised that GmFTL-RNAi increased photosynthesis 217 through at least enhancing the expression of GTG genes mediated by GmGRF5-1. 
245
The overexpressing GmGRF5-1 lines also displayed late flowering and higher yield per plant
246
( Fig. 5a ), similar phenotypes of GmFTL-RNAi line (Fig. 1) . By analysing the GmFTL3 genomic 247 region, we found several potential GRF-binding cis-elements (Supplemental Information).
248
Therefore, we questioned whether GmGRF5-1 could directly regulate GmFTL in a feedback 
490
To express His-tagged proteins in E. coli, GmFDL5 and GmGRF5-1 genes were cloned into 491 pET28a (Novagen) with Xba I/BamH I or Nde I/Xho I restriction enzyme sites, respectively.
492
For GmGRF5-1 promoter activity and ChIP analysis, the coding sequences of GmFTL3,
493
GmFDL5 and GmFDL1 and the promoter sequence of GmGRF5-1 were cloned into pGWC 33 ,
494
respectively. Then, pGWC-GmFTL3, pGWC-GmFDL5 and pGWC-GmFDL1 genes were LR- 
530
GmUKN2 were used as internal controls for normalization of all SYBR RT-qPCR data.
531
Sequences of the primers are listed in Extend data 
558
The pEarlyGate201-GmFTL3-nYFP and pEarlyGate202-GmFDL5-cYFP or pEarlyGate202-
559
GmFDL1-cYFP binary vectors were transiently expressed using Agrobacterium tumefaciens.
560
Both recombinant Agrobacterium cells were co-infiltrated into Nicotiana benthamiana leaves.
561
Empty vectors were used as negative controls and AtAHL22-RFP was used as a nuclear 
566
Luciferase bioluminescence assays
567
Luciferase assays were performed as previously outlined with some minor modifications 35 . 
590
(2) sonication time was 20 min, (3) two steps were employed to reverse cross-link, that
591
included NaCl (300 mM) incubation overnight at 65°C and 1% Chelex-100 for 15 min at 95°C.
592
The sonicated DNA were used for immunoprecipitation with commercially available anti-GFP-593 mAb-magnetic beads (MBL, D153-11) for the GmFDL5-GFP assay and anti-Myc-mAb-
594
magnetic agarose (MBL, Mo47-10) for GmGRF5-1 assay. After reversing the cross-linking,
595
immunoprecipitated DNA was analyzed by qPCR using primers (Supplemental Table S1 
599
CTTCAGG, TGTCACG TGTTATG). Three independent experiments, each using around 1 g 600 of leaves were performed. Three technical replicates for each qPCR were carried out and
601
GmACT11 or GmUKN2 were used as internal controls for normalization. Each experiment 602 was repeated at least three times.
604
Chloroplast analysis and chlorophyll measurements
605
The fully-opened third and seventh trifoliolate leaves of soil-grown greenhouse WT (cv.
606
Tianlong1) and GmFTL-RNAi line 4 soybean plants were harvested for the measurements. 
610
The photos were obtained by using a transmission electron microscope (H-7500, Japan).
